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SUMMARY PAGE 

I THE PROBLEM 

Recent investigations have advanced our knowledge of  counterroll ing and its 
measurement. This report represents a further attempt with more precise techniques and 

and validity of counterrolling as a functional test o f  the otolith organs. 
, several carefully selected labyrinthine defective (L-D) subjects to define the re1 iability 

Ocular counterrolling as a function of head (body) tilt in  the frontal plane was 
measured in nine healthy persons and ten deaf subjects with bilateral loss of function of 
the semicircular canals;: the functional status of  the otoliths was unknown. 

~ 

I F!b!D!b!GS 

A photographic technique was used 'taking advantage of  natural landmarks on the 
i r i s  which ensured a high degree of reliability in measuration. Measurements of  several 
photographs at each body position disclosed a small but significant variation in  both 
groups of  subjects which was interpreted as "instability" o f  torsional eye position; i t  was 
approximately the same upright as in  the tilt positions (250, 500, and 750 left and right). 

The findings in  the normal subjects revealed a characteristic pattern of  counter- 
1-01 I ing. Torsion as a function of  tilt rightward or leftward was greatest in  the first 25 
degrees from the upright, less from 25 to 50 degrees where it usually reached peak value, 
and thereafter in most cases tended to reverse direction. There were significant right- 
left differences in some cases but not in others. The average maximum value (counter- 
rolling "index" CI, o f  otolith function) calculated as one-half the difference between 
right-left torsion, ranged from 286 to 465 minutes o f  arc. 

The findings in the L-D subjects did not disclose the characteristic pattern found in 
normal subjects in most instances, and the CI ranging from 30 to 176 minutes of  arc, 
showed no overlap with the normals. In some instances, there was no definite evidence 
of counterrolling, in  others i t  was limited to one direction o f  tilt, and in  s t i l l  others there 
was a small but regular dependence of  counterroll with the successive increases in bodily 
tilt. The highly significant group differences must have been due io loss of function of 
the auricular sensory organs, and intraindividual differences in  the L-D group are best 
explained by the presence of  some residual otolith function. 
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INTRODUCTION 

Recent reports (1 -4) from this laboratory have reviewed the I iterature on counter- 
rolling of the eyes as a function of  body ti l t, described new techniques for measurement 
of  the roll, and discussed i t s  significance as a test of otolith function. This reportrepre- 
sents a further step(in defining the reliability and validity of  counterrolling as a func- 
tional test of  the otolith organs by comparing measurements obtained from a group of  
healthy persons with those from a carefully selected group of subjects with labyrinthine 
defects .) 

I 

SUBJECTS 

PROCEDURE 

The significant clinical findings in the ten subjects with labyrinthine defects, here- 
after termed L-D subjects, are summarized in Table I .  These subjects represent a highly 
selected group of  instructors and students from Gallaudet College in Washington, D. C. 
The nine normal subjects were students (seven were medical students) in good health, 
and careful evaluation revealed normal hearing and normal perception of  the oculogravic 
illusion. A l l  o f  the subjects had participated in  a series of  experiments of  which this was 
one mid had d,smonstra?ed excel le:it and intel I igent cooperation. 

APPARATUS 

The apparatus consisted of  a chair, mounted on a ring support, which could be m- 
tated by means of  a hydraulic power system 75 degrees in  a clockwise or counterclock- 
wise direction from the upright (zero degree) position. Provision was made for ensuring 
body restraint within the chair in a l l  positions of tilt,by various belts,straps, and side 
supports. The subject's head position, considered more critical, was held rigid by 1)  
a bite bar, 2) a horizontal metal band which wrapped around the forehead and forced 
the head firmly back into a v-shaped support lined with dense foam rubber, and 3) a wide 
metal band extending over the top of the head. The bite bar and forehead band were 
covered with dental impression material and individually fitted to each subject. A 35 mm 
camera equipped with telephoto lens and bellows was mounted on a bracket attached to 
the "ring" in front of  the subject. It was supported on a stage which could be precisely 
moved along the three maior coordinates in space and locked in position. As a result, 
the rnmern nnd head (body) were tilted as a unit. An electronic flash unit was position- 
ed for illumination of  the subiect's right eye. A small target requiring foveal fixation 
for resolution was centered within the camera lens by reflection in a clear glass plate. 
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METHOD .' 
After the subject was positioned 

attached, he was requested to fixate 
opaque patch. The camera was then 

in the tilt chair and all his supportive appliances 
the target. The left eye was occluded with an  
adiusted so that the subiect's right eye was in focus . . .  

and centered 3n the ground glass screen: The chair was tilted a t  about lo/sec laterally 
around the subiect's frontal plane in steps of 25 degrees, first clockwise from the upright 
(zero degrees) starting position until the limit of +75 degrees was reached. Next  the 
subject was returned to zero degrees and then tilted counterclockwise, in succession, 
-25, -50, and -75 degrees. After rotation to each position, a t  least two minutes elapsed 
before the eye  was photographed. Photographs were taken o n  a t  least four separate 
occasions a t  each angle of tilt. 

Counterrol ling was measured by superimposition of photographs of the eye obtained 
with the subject upright (reference image) and when tilted (test image). The latter photo- 
graph was rotated until landmarks on the two images of the iris were aligned. The equip- 
ment used is illustrated in Figure 1 .  Two standard slide projectors (P1, P2), one of 
which was equipped with an adjustable f i l m  strip holder, were pmitioned a t  right angles 
to each other. A pell icle (PL) reflecting surface (reflectance: transmittance, l : l) ,  at  
a n  angle  of 45 degrees to both projectors, was used to superimpose the two projected 
images (enlarged about 330 times actual size) on a screen placed a t  a distance of 20 
feet. A device (C) containing a h v e  prism was placed before one projector. Rotation 
of the prism in minutes of arc  was indicated by a circirlar vernier scale. Four measure- 
ments were madl  a n  each photograph and, as found in a previous study (4), the mean 
deviation, on the average, equalled about + 5 minutes of arc.  - 

RESULTS 

Average counterrolling values in minutes of arc as  a function of leftward and right- 
ward t i l t  a r e  given in Table 11 a!id plotted as closed circles in Figure 2, for both groups 
of subjects: normals, left hand column and L-D, righthand column. Plotted as  open 
circles in Figure 2 a re  the values obtained for different trials a t  a given body position. 
It is seen that there was considerable variance in these values and that this variance was 
about the  same for both groups of subjects and for all body positions. This variance was 
greater than one  degree in about one  fourth of the series of measurements for each body 
posif lm, !n an earlier communication ( l ) ,  it  was pointed out that some of the variance 
might be due to ''dynamic instability'' of the eye  a t  any given body p s T t h .  Ocrnslonal 
gross differences might have been dJe  to loss of fixation or shift in head position. 

The values for the normal subjects show a relatively high ratio of counterrolling to 
t i l t  in the first 25 degrees from the upright, a lower ratio between 25 and 50 degrees, 
a:id usually a reversal in direction between 50 and 75 degrees (Figure 2). The pattern 
is simila: for all normal subjects in both leftward and rightward tilt .  The counterrolling 
index (CI), calculated as one-half the difference betwee? the greatest mean right and 
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. 
Table I 1  

Mean Counterrolling Values in Minutes of  Arc as a Function of Head (Body) T i l t  for 
Normal and Labyrinthine Defective Subjects Ranked According to Their Counterroll ing 

Index (CI) 

Normal 

Subjects -75 -50 -25 +25 +50 +75 CI 

HY 505 

FE 227 

GI 416 

CY 309 

TH 367 

SM 242 

HI 254 

NU 286 

HU 188 

L-D Subjects 

JO 187 

ST 20 

LA 131 

GU 70 

?! 65 

MY 101 

DO 49 

HR 31 

ZA 48 

PE 18 

459 

298 

395 

319 

383 

256 

309 

253 

188 

1 24 

68 

93 

59 

60 

78 

69 

33 

6 

24 

338 

247 

270 

195 

257 

230 

274 

226 

132 

93 

17 

53 

46 

27 

70 

49 

26 

0 

2 

-286 

-345 

-339 

-302 

-23 1 

-289 

-263 

-246 

-244 

-1 37 

-165 

-18 

-84 

-83 

-5 1 

-32 

-36 

+20 

-20 

-399 

-481 

-325 

-359 

-293 

-38 1 

-329 

-297 

-384 

-128 

-1 52 

-53 

-94 

-69 

-48 

-79 

-62 

-23 

-1 8 

-424 

-452 

-290 

-344 

-263 

-407 

-307 

-315 

-336 

-1 65 

-1 62 

-86 

-107 

-105 

-63 

-55 

-73 

+9 

-35 

465 

390 

378 

339 

338 

332 

31 9 

301 

286 

1 76 

117 

109 

89 

85 

82 

74 

53 

36 

30 
5 
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- 
and greatest mean left torsion, ranged from 286 to 465 minutes of arc.  With three ex- 
ceptions, two leftward and one rightward, there was little interindividual variance in 

I the curves of the normal subjects between -250 and +2P. 

The values obtained for the L-D subjects did not overlap those for the normal. The 
nearest approach to overlapping values, using combined left-right values, was 286 
minutes of arc  in the case of a normal subject and 176 minutes of arc  in the case of a n  
L-D subiect. There were no overlapping values even when rightward o r  leftward tilt 
was compared. In the L-D group the counterrolling index ranged from 30 to 176 minutes 
of arc.  In two instances counterrolling was almost nil, in o n e  it was limited to right- 
ward tilt, and in others there was a small but nearly straight line relation between 
counterrolling and tilt (Figure 2, righthand column). The interindividual variance in 
absolute values was less than in the normal subjects but relative to the amount of counter 
rolling it is considerable. 

DISCUSSION 

The re1 iabil ity of the method used to measure counterrol I ing was good insofar as  
repeated measurements from the same photograph were concerned, but considerable 
variance was found in measurements obtained from several photographs taken for the 
same body position. The greater the counterroll for a given angle of tilt, the greater 
the re1 iabil ity of the measurement; hence, greatest re1 iance was placed on the measure- 
ments obtained at  25 degrees and successively less a t  50 and 75 degrees. Combining the 
measurements obtained on leftward and rightward tilt increased the re1 iability of counter- 
rolling for two reasons; first, because the total roll was greater and second, because 
left-right differences were minimized, especially those in which right-left l'symmetryll 
could b e  restored by shifting the ''zero'' o r  'lneutral" position. For screening purposes 
and for most investigations involving comparative measurements of counterrol ling it would 
suffice to measure the amount of counterrolling at 25 degrees rightward and leftward tilt. 
Here the signal -to-error ratio is most favorable, and fixation of the body and head ismost 
easily accomplished. The  addition of the two values, neglecting sign, could be used as  
a single value o r  index of counterrolling ratio of roll to tilt (CI). 

The striking difference in the findings between the normal and L-D subjects must 
have been due to the loss of function of the sensory organs of the inner ear.  I nere i s  

no evidence that the counterrolling reflex is released by the organ of Corti and insuf- 
ficient evidence that i t  originates in the semicircular canals (5) but good evidence that 
i t  is released by the otoliths in animals (6,7) and in man (8-10). It may b e  concluded 
that the reduction in counterrolling in the L-D subjects was the result of injury to the 
otoliths. 

-1 
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This s t i l  I leaves for consideration the explanation for interindividual differences. 
In the L-D group they must be ascribed either to residual function of the otolith apparatus, 
to some other origin such as a ''cervical reflex" (7,9, lo), or to artifact. The last would 
be revealed either as an occasional or constant error, neither o f  which would explain the 
curves. With regard to the cervical reflex, we sought to avoid i t  by fixing the head 
relative to the thorax. That we succeeded or failed in a perfectly consistent manner i s  
beyond the realm of possibility. Hence we were led to the conclusion that residual 
otolith function was the most probable explanation for "significant" amounts of  roll. The 
difference between the extremes i s  distinct, but this leaves a middle group in which a 
demarkation i s  difficult; 
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